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~ e o n s i d c x d  separately under endl  of the main topics in the Eollov?ing sections. 

1; Sic-cts 02 ~ O E S .  Fmm sn' ic l l i ' te  obscmalions, several phenomena 

involving POE ePZects have been discovered or explained a t  Stanford. The 

L i s t  ~ O V J  incluecs the fo13O,~Fiig: 

( c )  L m  frcquency anonalous dispersion of whistlers (especially 

(d) 

( e )  loa gyrofrequency w f i i s t ~ c r s  

Lon frequency cutoff 02 whistlers (ground-based observations) 

(1:) hwcr-hybrid resoname whistlers 

(i) A new i o ~ o s p h c r i c  duct (hypothesis) 

The potential. inportance of these ion e f f e c t s  is at l e a s t  as great as 

t h a t  of thc ordinary elcctron wbistler. For example, ion gyrofrequency 

57hiotlers czin y i e l d  local  protorr dc-nsity, proton tezparaturc, clcctron density, 

and the local gyro2i-equencg -- nll obtained from one ?ihiatles which is created 

i iatvrally nnd which i n  tlie fu tu re  can pi*oY>nbly be excited by t r a n s m i t t e r s  on 
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c . . 
The cxplanntiou of the 1aii f r s q 2 F - n ~ ~  cutofr" of w h i s t l c r s  and the associetcd 

a~?c?:?.,~l~~s di ,~pc>-sia; t  alan~t c ~ r t ~ i ~ l y  i . n \ ~ l v c s  ion effects,  T$e Tirst eff01-t~ 

Qp oi pr&=:.,s 2::s c:cctmas 95 p i ~ r p ~ s &  

ay S~GTZ;: -1957 and others. 

propored thaS negative hydrogen ims mighi: be n2ccss2i-y. 

~ g 5 . 1  

ion constituents (for exmple, ~e , or "t and o+>. 

K2cary 02 r r a p p h g  at the Lover iIybrid Resonance. 

AIouetLe sa3eellit.c have d i s c l o s e d  bznds of icnosphei-ic noise  that have 

ini-e,Ts%ed rzmy t?tr3'lier8 i n  the  field because of t hc i r  uwmual chnracteristfes. 

Barf ingtcn and b=lrm@ rl953-f of Defence Bcsearch Te?ecommnicatiow Estnblish- 

m m t t ,  O t t a i m ,  first reported t h a t  this noise varied systematically with the 

position of the spacecraft in the gcmsgnctic field. They found an cxmp3.e 

of mise that was sporadic but showed "a systematic tendency for the lawest 

frequcucy at which noise is found to decrease as the satellite moved f r o m  

43.,5O X. to 1;8" N. 
e n t i r e  r'rcq?ucLiCy rnuge of the vlf receiver c i th  no well-defined loncr lini-t. 

.. raese S:JS~C~F..B~:C chmges n e  thought to be due to zhargcs with lati2ude 

in the mean d r i f t  veloeit57 of the particles v&ich generate ionospheric noise. 

~ n c I <  Smith (p r i r a t c  ccpaunication, ciica 1952; 

(See also Jack Smith, 

 be xmt l ~ k - r c l g r  c-xplanntioil x m  nppears to involve at least  two positive 
4. 

2i Data from the 

0 Above !+8 3. sporadic noise ras found throughout: the 

?I 

ti,.,. 

11 

Then in the December 15, 1963 Journal of Geophysical Research, Barrftyton, 

et a1 fl9631 suggested that the noise was directly under L-value control, 

cutting off and reappearing at about L % 2.6 in both hemispheres. 

suggested that a "cutoff mcchanism night be involved, either due to propagation 

conditions or rith a cutoff in the spectrum of encrgcttc particles that 

radiate i n  the VU band." 

They 

In .&igat 1954 Brice and Smith (in work sponsorcd under t h i s  contract) 

suggested that the  change fn frequency night arise f r m  spatial rather than 
**  
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1.  ten2oral c2fccts. F w t h e r ,  sincc :he no i se  has fcaturcs s in i inr  to the 

LT:ICX* :zyLrid resonance ~ h l ~ l :  i icLincz 2 cctofP fmqucn37 for  prapngztion 

~ - - ~ n ~ - . - p ~ - ~ ~  e:- +-!le ~ n y t k ’ ~  1-.,fignctiz fizld. t k c y  ---c--rC:jted t ~ n t  this noise b % t  

o:_.c;i.-cd at  the frcqucncy of the lower hybr id  I’CSOD~LECC! fo r  the aiibient p lasm.  

In a cor.par,ion pzper, &-ice, et a l  [lp%1 deduced t h z t  the observed noise 

band is prcbably generated at the sa3c height as the sa te l l i t e  and that they 

are not related to vl f  emissions observed ox? the g-rotmd. 

noise con be triggered by EhFstlers 2nd cnias-ioos. 

discussion, Brice snd Sanitl3 rl$51 found that the kaotvvn properties of ‘;be 

-Furthemore, the 

In a m r c  cczplcte 

ba~id  of noise  Y R ~ C  consisterrt with thc  I c 7 ~ 2 ~ -  h jbr i t f  I-CSOR~DCC hypothesis, 

BcLrcze nod Barrirgton [1965 7 prescntcd further d a t a  arid considered 

various possible explanations. Later, ‘nrsccvcr, Earrii-on, et: a1 [19.52 

rci2cwting OR the results of the  cxmioatian of 400 ionograms, c o n c ~ u ~ ~ e c ~  tha t  

the cutoff Zreqcency of thc noise i imd observed in Alouette I v l f  records ( 1  

approximatcs closely the l o ~ e r  hybr id  resonance lor t h e  phama. 11 

Scrc at SLanZord University, R. L. Sizith hnd bccn consider ing various 

mcc3mism to explain the phcnmcnoo (psrticularly with reference t o  its 

local cxcitcrtir,n), An a t t m 2 t  to f i n d  an enission mechimism mas not successful 

unt i l  he conceiyed t h e  theory t h a t  the L€B noise w a s  essentially a propagation 

rather than an mission effect, and results from tho trappi2g of clcctromagnetic 

waves propagating nearly transvcrsc to t h e  magnetic f i e l d  i n  what amounts to 

an ionosphel-ic duct or cavity. A prelininary letter-type announcement, 

f l  

11 

I 1  

Lower hybrid resonance noise and 8 new ionospheric duct, by R. L. Snith, r1 

I. Kinura, 3. Vigneron, snd J. Katsufrakis has been prepared Euggestirig t h i s  

Iic:sr t h c o q ~ .  T h i s  new theory mdiftes  the conclasion t h a t  thc phcnmenor? 

vias strictly l oca l  to the s a t e l l i t e .  
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Tn caktng r;l.nnS f o r  new s p a x  c :qe r ixn t s  !>zsi.d on; the Bgrd VIP 

t r ancn i t t c r .  p r o v i s 5 ~ ~  hns b c c ~  n a r k  f o r  zrazsmlttizg the frcqucnclcs  

in np. Z t t c n t 2 L  to sLTni iLn te  the l owr  k;.;rbrtd rcsanancc. Tl2c current 

inLerpre taz ion  01 ikc W t  mise  ini l icatcs  t h a t  the  resonr?ncc cavity kns a 

high Q. Pr.csUsriably the amplltcdc varies with  f reqccncy. 

Ona importaat result from t h i s  thcoi-y is t h a t  lover hybrid resonance 

noise E.+- yic ld  infornation on thc I i c 2 m  coztcnt of t he  plasm, 

0 - T  thc .1cct and tlic bnnciiiidlth of tile mise d~peads strongly rrpon t h e  pcr- 

ecntage of 11~li-m ims. TkercTorc, Lhc ciirrcctcristics may provide nevi 

+;L.z*?f?2ti92 on thc >rof i lc  of hnliLL3 ions, 

The depth 

Ti:c *Ltcorp of p-cpagaticn i n  mult i p l c  cmynci i t  p l a s ~ n s  pred ic t s  a vhistler 

s i r a i l a r  to the proton ahist lcr  b ~ r  controlled by positive helium ions.  TIic 

Las:Lmptoeic frcqccncy is predicted to :IC the helir-nx gyrofrequency which is 

somewhat over 1s cycles. The helium mhistlcr, ff obsemed, would y i e l d  

tix Geusity of helium ions, 

inforr ia t io?~ about t h e  mount of h 4 . i ~ ~  ions i n  t h e  ionosphere, Additional 

in fomat ion  on the he1i.m profile in tti1-n im2rorcs thc d e f i n i t i o n  of the 

i?i.i3t3?~ 2nd o:sT;2cu i:mEilc, Tbcsp PYC: tint p p s ~ j - ! j f ? - ~ t f . ~ s  s'-rggesf- tfi,-?+- f%ts.rre 

v:f onternus should be designed to cover t he  frequency r a r?c  of the predicted 

3 c I iw v ~ l t  i s t IC r . 

Other tcchnicjlzcs Bavc not y ie lded  nccurntc 

It is recomcndccl thnt the frequency range of future vlf cxpcrlmcats 

be extended d o n  ta at least 50 cycles and preferably to about 10 - x) cycles 

to fnstu-c adequate definitions of the whistlers al;d rcsonancc ef fccts  dtscussed 

above. 

It nay also Sc possiLLlc to observe effects near thri t:;'o-i03 hybrid 

resonance fBudhsbaur;?, 19607 w h i c h  l i e s  bctwccn the helium and hydrogen gyro- 

fxquencics .  T h i s  resonance i s  s imi lar  t~ t he  l o w r  hybrid resonance anti a 



‘I ___ -- -~ 

re lated noise band 1x237 pas5:bly be observed at t h e  sm.c tine that L3IR noise 

is observed, 

the suggestion by Snitls t2.9543 that  the pecullsr propertiea of t h i s  wvhistler 

might be explained by considcring the cffects 02 i o m  and horizontal gradients 

of electron dezsf ty  i n  the ionosphere, a ray tracing vas carricci out including 

ths effect of these ions nit6 hor izonta l  gradicnts 5:: the  ionosphere. I. girnura 

** used w i l l  be pablisiierl in Radio Scic;:ce in Elarch 1$6 e n t i t l e d  

i oEs  on vhistfcr-rnoCe r q  tracing. 

sent to NASA. ) 

Effects of 

I t  Icopios of the preprint have already been 

This study supported Smith’s hypothesis for SF whistlers although it P I  

was found t h a t  a very c y i t i c a l  decsity profile ts ilecessary to get the observed 

dispersion characteristics with freqrtczcg azd the ecliotog features. The 

topside sounder record of the ionospher ic  eicctron : tensity appears to support 

(1 such B speciflc m o c k 1  of the ionosphere. ht would seem, therefore, that the 

SP w h i s t l e r  w i l l  prove t o  be useful in studying vertical profiles snd horizontal 

gradients of density and nay provide useiul new in fomat ion  on electron density 

In the  F region. 

Thc ray tracing is beiug used presently by Smith in developing h i s  

theory of the lower hybrid resoriancc trapping, discussed previously a 

4) Transverse whistlers. A n  ~ r ? t g m w t h  of t h e  examination of the records 

obtairxd ~ I - Q I R  Alouette I was the discovery of a nc?# type o f  relatively short  



# 

.- 
b y  Sigura, Smith and Carpenter, 

5. 5. Caipcnzer and N. IXznCkcL rl957. 

curve of most ground o'iserved wfiistlers with that of an Alouette c b i s t l c r  

that i:'as not received OP, t h e  grclund and found an ar,m~nl-ous increase  i n  d i s -  

pers ion  (D - t$'2) with frequency. 

published i n  t h e  December 1, 1967 Journal. of Geophysical Pccscarch e n t i t l e d ,  

A n  i n t e r p r e t a t i o n  of transverse whistlers, by I .  Kimura, R. L. Smith, and 

N. M. B r i c e ,  The explanation of the  new w!fistLer requires consideration of 

t h e  possi5iPity of proscgat ion t ransvcrsc  to thc magnetic f i e l d .  

A descr ipt ion of tha anorraly mas given. bv 

Thcy compared t h c  frequency-tizc 

An, i n t e r p r e t a t i o n  of the moaal;. w i l l  be 

1 1  SI 

5', f ~ n  y ~ r o P r c n u m q ~  chist?.crs. G n e  of t he  mrc uscfui discover ies  - 
relating to ion e f f e c t s  ?!as the proton whistler, which mns discovered at 

Stnoford {Smith, e t  al, l .$k7. 

the rising ?or t ion  of t h e  w h i s t l e r  was due t o  propagation i n  t h e  Left c i r c u l a r l y  

po la r i zed  mode Below t h e  proton gyrofrequency, t he  ques t ion  of t h e  discontinuous 

slope and the  problem of conversion of the r i g h t  hand polar ized  waves i n  the  

lower ionosphere into l e f t  Band polarized waves was solved independently by 

two gro~ps  a t  S tanford  and the  S t a t e  Universi ty  of Iowa, and reported i n  a 

Xlthoug3 a nmbcr  of workers realized t h a t  

""*..I +-in* - -ay?cr r ~ c - q ~ t t ,  et a l ,  1157- 

ch.. Neil B r i c e ,  while working a t  Stanford University t h i s  past sununer 

found t h a t  t h e  ekration of t h e  proton whis t l e r  could be used to yield t h e  

tenpera ture  of protons, T h i s  has since been verified by Brice and Gurnctt 

r196y. They i nvcs t iga t cd  t h r c e  effects w h i c h  might l i m i t  the  d w a t i o n  of 

i o n  cyclotron whisclfers: 1) cyclotron dmplilg; 2) ray path deviat ions near 

the  i on  gyrofrequency; and 3) c o l l i s i o n a l  damping. Cyclotmri damping was 

shown t o  be the  most i npor t an t  e f fec t  for I h f t i n g  thc dcro t lon  of'protor, 

whis t l e r s .  For t h e  observed durnticns,  ;1 temperature of the order of 50(; - 
730 0 E €or protons w3s obtained, which agrees with most of the  methods of 
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we ~surcncnt 

Brice also pobntcd out tXl8.i; the  dispersion of the proton whist ler  can 

pith theoretical dfsprsions,  Tae results indicate the  Local proton gyro- 

Preqrrencg (and hence magnetic Pleld)  can thus bc obtained to aa accuracy of 

0.1% 

A progrm to conLPRuc study 02 ion gyroirequency phemena should include 

a satel l i te  caqxwimcut which can nc~stti'o polarization. 

3p-d Station v l f  tranmittcr) c o u ~ d  be swept over G ~imieed range OP frequencies 

ccrvering the e-qected cro~ssver frequency. 

from right-hand to left-hand circular, 

clcPine the crossover Frequency 

be deduce& 

wnld c ls t  bo found. 

frequency would cnablc one t o  observe the mxplitude 7s frequency for n very 

narcow path, 

A signai (say froan the 

The palmfzatlon s b u l d  

The change fn palarization would 

which the pcrcentege of hychgen could 

Tfie anplitude as a function of frequency near the ion gyrofrequency 

Ssecping the trmmltler frequency around f;hc cutof2 

This muld provfde a refined clefistition of the cutoff fzequency, 

ard hence an improved dctexmination of protoz tmpcrature (grozt cyclotron 

dwping). 

an llmpulse mode 'for studying the cutoff characteYist%cs assocFated w3th 

cyclotron dgmping, 

me transmitter could be used either i n  the swcepizg m d e  or in 

6) Shea* study. 

l o w  frequency weastarentent of the lzopcdaace of the ion sheath which smrounds 

a p r o b e  tmuersed i n  n plasma w a s  described in the last report. 

on this work has been accepted for publication f r i  the Jmmal of ApplFed Physics 

in ~ t s  December 1945 issue. 

The s%udy by Craeord and Qrard r1%51 of the very 

Their paper 

3, J. L. Orard Irsa submitted a thesis for the degree of RiI) at Stanford 
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I g o i v e r s i t y  e n t i t l e d  "Intcrpretatior: of Inpedznce probe Eeasurements in the 

Ionosphere. "* T h i s  t h c s i s  includes the results of thc laboratory cxpcrir?,ent 

designed t o  investigate the v a l i d i t y  of the sinplificd theory of the sheath. 

Variations of the shenth Impedance with frcguczlcy, electron density and 

probe patential  hsve been exmined and presented, A discussion of the effect 

of the earth's nagnetic field and the mke of the rocket on the neasurements 

includes a reccxmendation for further experimentation. The use of inpednnce 

measurements i n  the ionosphere as a diagnostic technique is also presented. 

Barrington, R, E. and J. 5. BcLrose, kreliminory results from Canada's 

Alouette s a t e ~ l i t c ,  Nature, s ( 4 8 8 1 )  651-56, any 18, 1963. 

Earrington, R, E., J. $3. Belrose and D. A. Eeelcy, Verylow-frequency noise 

bands obecrved by the Alouette Z satellite, J. Geophys. Res,, 68(24), - 
e39-42, 13 €kcember 1363. 

Barrington, B. E., J. S. Bclrose and G. L. Helms, Ion composition and 

tenperaturcs at 1000 Isn as deduced fro= sirnultaneous observations of 

a vlf plasma resonance and topside sounding data from the Alouette I, 

s a t e l l i t e ,  J .  Geophys. R e s . ,  3'0(7), 1647-64, A p r i l  L, L965. 

Belllose, 3. 6, and R. E. Barrington, VLF noise baads observed by the hlouette 

f satellite? Radio Science, &El), 69-76, January 1%. 

Brice, N. M. and I). A. Gurnett, Hfects which l i m i t  the duration of ion 

cyclotmn whistlers,  pager presented a t  F a l l  URSI, Darfmouth, October 

196. 

?' Brice, N, M, and R. L. Smith, A very-low-frequency plasm resonance, Nature, 

%(4948), 9%, August 29, 1964. 

* 
Copies of th i s  t h e s i s  will be forwarded to NASA as soon as possible. 
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